The aim of this paper was to use a prospective, longitudinal, multicenter outcome registry of patients undergoing surgery for lumbar degenerative disease in order to assess the incidence and factors associated with 30-day reoperation and 90-day readmission. METHODS Prospectively collected data from 9853 patients from the Quality and Outcomes Database (QOD; formerly known as the N 2 QOD [National Neurosurgery Quality and Outcomes Database]) lumbar spine registry were retrospectively analyzed. Multivariate binomial regression analysis was performed to identify factors associated with 30-day reoperation and 90-day readmission after surgery for lumbar degenerative disease. A subgroup analysis of Medicare patients stratified by age (< 65 and ≥ 65 years old) was also performed. Continuous variables were compared using unpaired t-tests, and proportions were compared using Fisher's exact test. RESULTS There was a 2% reoperation rate within 30 days. Multivariate analysis revealed prolonged operative time during the index case as the only independent factor associated with 30-day reoperation. Other factors such as preoperative diagnosis, body mass index (BMI), American Society of Anesthesiologists (ASA) class, diabetes, and use of spinal implants were not associated with reoperations within 30 days. Medicare patients < 65 years had a 30-day reoperation rate of 3.7%, whereas those ≥ 65 years had a 30-day reoperation rate of 2.2% (p = 0.026). Medicare beneficiaries younger than 65 years undergoing reoperation within 30 days were more likely to be women (p = 0.009), have a higher BMI (p = 0.008), and have higher rates of depression (p < 0.0001). The 90-day readmission rate was 6.3%. Multivariate analysis demonstrated that higher ASA class (OR 1.46 per class, 95% CI 1.25-1.70) and history of depression (OR 1.27, 95% CI 1.04-1.54) were factors associated with 90-day readmission. Medicare beneficiaries had a higher rate of 90-day readmissions compared with those who had private insurance (OR 1.43, 95% CI 1.17-1.76). Medicare patients < 65 years of age were more likely to be readmitted within 90 days after their index surgery compared with those ≥ 65 years (10.8% vs 7.7%, p = 0.017). Medicare patients < 65 years of age had a significantly higher BMI (p = 0.001) and higher rates of depression (p < 0.0001). CONCLUSIONS In this analysis of a large prospective, multicenter registry of patients undergoing lumbar degenerative surgery, multivariate analysis revealed that prolonged operative time was associated with 30-day reoperation. The authors found that factors associated with 90-day readmission included higher ASA class and a history of depression. The 90-day readmission rates were higher for Medicare beneficiaries than for those who had private insurance. Medicare patients < 65 years of age were more likely to undergo reoperation within 30 days and to be readmitted within 90 days after their index surgery.
O ver the past 2 decades, the rate of spinal surgery to treat degenerative disease has grown in the aging population. 10, 22 Cost-containment is being sought in lumbar degenerative surgery to maintain financial sustainability. 18 Short-term hospital readmissions after surgery are costly and have been scrutinized following the enactment of the Patient Protection and Affordable Care Act (PPACA) of 2010. 12, 14 The minimization of readmission-related expenses, of which Medicare paid nearly $17 billion, is seen as a potential source of cost-containment. 11 Payers including the Center for Medicare and Medicaid Services have been monitoring readmission to a hospital within 30 days after discharge from the index hospitalization. The Center for Medicare and Medicaid Services now collects and publishes readmissions through the Hospital Quality Alliance program. Medicare has sought to reduce payments to hospitals that have high readmission rates. 8 Identifying factors associated with readmission following spine surgery has been problematic given previous limitations in the capacity of patient data collection. 2, 7, 20, 21 Previous studies have used retrospective, administrative data. These data are suspect, as has been documented by Goff et al. 9 The authors demonstrated that one-third of patients with clinically documented congestive heart failure did not have the proper International Classification for Diseases (ICD) discharge code for heart failure. The Quality and Outcomes Database (QOD) was established to help benchmark cost-effectiveness in common neurosurgical procedures. [3] [4] [5] 17 The QOD registry can be used to help drive more cost-effective care as a basis for predicting which patients may be at high risk for additional expenditures. We sought to use the QOD registry to identify which clinical factors are associated with reoperation within 30 days and readmission within 90 days after lumbar spine surgery. We also aimed to assess if there were more readmissions and reoperations in the Medicare population stratified by age (≥ 65-year-old and < 65-year-old subgroups of the Medicare covered population) than in the privately insured population. We suspected that younger patients with Medicare insurance may have unique medical comorbidities that increase their risk for 30-day reoperation or 90-day readmission compared with a cohort of similar age who had private insurance.
Methods
For this study, we queried data on patients in the QOD lumbar module from 37 participating centers. Multivariate binomial regression analysis was performed to identify risk factors for 30-day reoperation and 90-day readmission. Independent variables included in the analysis were age, sex, body mass index (BMI), educational level, American Society of Anesthesiologists (ASA) class, diagnosis, comorbidities (including diabetes mellitus, coronary artery disease, and depression), number of laminectomy levels, use of spinal implants, fusion surgery, operative time, and estimated blood loss (EBL).
We performed a subgroup analysis that compared Medicare beneficiaries stratified by age (≥ 65 years and < 65 years) who underwent a reoperation within 30 days or readmission within 90 days with the rationale that younger patients with Medicare insurance may have unique medical comorbidities that increase their risk for these outcomes. Continuous variables were compared using unpaired t-tests, and proportions were compared using Fisher's exact test. All statistical analyses were conducted using JMP Pro 11 (SAS Institute). The threshold for significance was p < 0.05.
Results
A total of 9852 patients were identified in the QOD lumbar registry database. The mean age of the cohort was 54.2 years (SD 16.7 years) with 5144 (52.2%) men and 4704 (47.8%) women. There were 3696 (37.5%) Medicare beneficiaries and 6156 (62.5%) with private medical insurance coverage (Table 1) . Overall, 200 patients (2.0%) returned to the operating room within 30 days and 616 patients (6.3%) were readmitted within 90 days. Among Medicare beneficiaries, 92 patients (2.5%) returned to the operating room and 304 patients (8.2%) were readmitted within 90 days. Medicare patients < 65 years old were more likely to undergo a reoperation within 30 days (3.7% vs 2.2%, p = 0.026) and were more likely to be readmitted within 90 days (10.8% vs 7.7%, p = 0.017) of their index surgery than those ≥ 65 years old. Table 2 shows the results of the multivariate analysis for return to the operating room within 30 days. Multivariate analysis revealed that prolonged operative time was independently associated with reoperation within 30 days (OR 1.002, 95% CI 1.0003-1.003). Health insurance provider, BMI, ASA class, diabetes, fusion surgery, and use of implants were not significantly associated with a return to the operating room at 30 days in multivariate analysis.
Return to Operating Room Within 30 Days
Subgroup analysis of the patients with Medicare coverage (Table 3 ) who returned to surgery within 30 days showed that Medicare beneficiaries < 65 years were more likely to undergo a reoperation than those ≥ 65 years (p = 0.026). The younger Medicare patients were more likely to be female (70.8% vs 39.7%), have a BMI in the severely obese range (50.0% vs 20.6%, p = 0.008), and have a history of depression (54.2% vs 13.2%, p < 0.0001). We also found that Medicare beneficiaries ≥ 65 years underwent laminectomy at more levels on average than those < 65 years (2.34 vs 1.91, p = 0.048). Table 4 shows the results of the analysis on 90-day readmissions. Multivariate analysis demonstrated that higher ASA class (OR 1.46 per grade, 95% CI 1.25-1.70) and history of depression (OR 1.27, 95% CI 1.04-1.54) were factors independently associated with 90-day readmission. In addition, we found that Medicare beneficiaries had a higher rate of 90-day readmissions than those those who had private insurance coverage (OR 1.43, 95% CI 1.17-1.76).
Readmission Within 90 Days
Multivariate analysis demonstrated that Medicare beneficiaries had a higher rate of 90-day readmissions than patients with private insurance (OR 1.43, 95% CI 1.17-1.76; p < 0.001) and those with a higher ASA class (OR 1.46, 95% CI 1.25-1.70; p < 0.0001). In addition, multivariate analysis demonstrated that a history of depression (OR 1.27, 95% CI 1.04-1.54, p = 0.018) was independently associated with 90-day readmission.
Subgroup analysis of the Medicare population ( Table  5) showed findings similar to those of reoperation at 30 days. A greater proportion of younger Medicare patients were severely obese with a BMI ≥ 35 (35.3% vs 16.2%, p = 0.001), history of depression (54.4% vs 19.5%, p < 0.0001), and underwent fusion surgery (55.9% vs 37.7%, p = 0.007). Elderly Medicare patients underwent laminectomy at more levels (mean 2.05 vs 1.78, p = 0.027) and had a higher rate of coronary artery disease (26.7% vs 11.8%, p = 0.010).
Discussion
To our knowledge, this is the first prospective analysis for readmission and reoperation rates in lumbar surgery 21 in which Medicare claims data were used demonstrated a readmission rate of 7.3% after lumbar surgery. The most common reasons for readmission were complications related to surgery and musculoskeletal conditions. Predictors for readmission included black race, increasing age, greater comorbidity, Medicare/Medicaid eligibility, anterior approach, fusion surgery versus decompression alone, and the number of levels fused. Major limitations of that study include using administrative data (which is sometimes inaccurate as demonstrated by Amin et al. 2 ) and collecting it in a retrospective fashion. Moreover, Wang et al. did not include patients outside of the Medicare population.
Modhia et al. published a comparison of Medicare beneficiaries with lumbar spine stenosis who underwent decompression with fusion and those who underwent decompression alone and demonstrated higher 1-and 2-year readmission rates in the patients undergoing decompression with fusion. 19 They reported 9.7% and 7.3% readmission rates at 1 year and 14.6% and 12.5% at 2 years, respectively. After readmission, 56% of patients later underwent additional fusion procedures, 23% had additional decompression, and 22% had injections for pain management. Modhia et al. concluded that fusion does not appear to impact readmission rates, which is similar to our findings.
McCormack et al. reported a single-center retrospective chart review of their own readmission rates following decompression with or without fusion for lumbar spinal stenosis. 16 They noted a 3.8% unplanned readmission rate with higher rates for increasing age, for number of comorbidities, for those who underwent more complex fusions, and for those in whom more levels were fused. The most common cause for readmission was infection or concern for infection followed by nonsurgical complications and then hardware complications. They did note that a major limitation of their study is that they were only able to review readmissions at their own facility.
Kim and colleagues queried the National Surgical Quality Improvement Program (NSQIP) to identify risk factors for 30-day readmission in patients undergoing lumbar decompression using a risk-adjusted multivariate logistic regression analysis. 15 They demonstrated that anemia, dependent functional status, total operative duration, and ASA Class IV were independent predictors of unplanned readmission. Moreover, postoperative complications including unplanned reoperation and pulmonary embolism were significantly associated with unplanned readmission. Basques et al. also queried the NSQIP database and found increased age, increased BMI, ASA Classes III and IV, and steroid use were independent risk factors for readmission following laminectomy for lumbar spinal stenosis. 6 They did note that a preoperative hematocrit level less than 36 contributed to longer length of stay but did not appear to affect readmission, as Kim et al. identified.
15 Surgical site infection was the most common indication for readmission. Joynt et al. demonstrated that variability of 30-day readmission rates might be the composition of a hospital's patient population and resources of the community in which it is located. 13 In this study, we demonstrated that a higher return to the operating room at 30 days was associated with longer operative time during the index surgery. Although the odds ratio may appear relatively small, the operative time is measured in minutes. Thus, the cumulative odds ratio with longer operative times may be clinically significant. This issue was also identified as a risk factor for readmission but not return to the operating room in the NSQIP data analysis. Medicare patients were significantly more likely to be readmitted at 90 days than privately insured patients. This did not appear to be dependent on age in multivariate analysis. Similar to the NSQIP data, 15 patients in higher ASA classes were also more likely to be readmitted within 90 days.
The 8.2% readmission rate for Medicare beneficiaries in this study is slightly higher than the 7.2% reported by Wang et al. 21 Moreover, the overall readmission rate of 6.3% from the QOD database was greater than the 4.2% reported by Kim et al. 15 from the NSQIP database. We believe that this is a reflection of a longer window for readmission of 90 days in this study compared with the 30-day readmission rates that they reported.
One limitation of the QOD is that the comorbidities are extracted in a dichotomous fashion. This is of particular interest in regard to depression. Depression was a significant factor for readmission at 90 days. However, the QOD database collects only a history of depression. The new Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) now lists 8 subtypes of depression diagnoses. 1 The QOD does not have the sensitivity to delineate between these subtypes and their ongoing treatment. Thus, depression may represent a diagnosis that could be screened for and treated as a modifiable risk factor in the future.
One important facet to note is that this QOD study is a retrospective analysis of prospectively collected registry data, whereas prior published studies on this topic have been purely retrospective. It is important to note that Medicare patients < 65 years old constituted a subgroup that was significantly more likely to undergo reoperation within 30 days and to be readmitted within 90 days following their index surgery. These patients had a higher preoperative BMI and higher preoperative rates of depression. Patients < 65 years typically have significant medical issues that allow for Medicare eligibility, and we found a correlation for these younger Medicare-insured patients with higher readmission and reoperation rates after lumbar surgery than other patient populations. This is important to note in an era in which physicians and hospitals are compared with respect to quality benchmarks for readmission and reoperation rates. Physicians and hospitals that treat a greater proportion of this patient population may have higher reoperation and readmission rates.
Conclusions
In this retrospective analysis of a large prospectively collected, multicenter registry of patients undergoing lumbar degenerative surgery, multivariate analysis revealed that 30-day reoperation was associated with prolonged operative time. We found that 90-day readmission was associated with higher ASA class and a history of depression. The 90-day readmission rates were higher for Medicare beneficiaries than for those who had private insurance coverage. Factors associated with 90-day readmissions included higher ASA class and a history of depression. Medicare patients younger than 65 years old were significantly more likely to undergo reoperation within 30 days and to be readmitted within 90 days after their index surgery. These patients had higher preoperative BMI and higher preoperative rates of depression. Understanding realistic rates of readmission and reoperation of patient subgroups is needed in the era of quality benchmarking of physicians and hospitals.
